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Abstract 

Results of a partial wave analysis of new high-statistics data on yp — > prj from MAMI are presented. A fit using known 
broad resonances and only standard background amplitudes can not describe the relatively narrow peaking structure 
in the cross section in the mass region of 1660-1750 MeV which follows a minimum. An improved description of the 
data can be reached by either assuming the existence of a narrow resonance at a mass of about 1700 MeV with small 
photo-coupling or by a threshold effect. In the latter case the observed structure is explained by a strong (resonant 
or non-resonant) yp — > up coupling in the S n partial wave. When the beam asymmetry data, published by part of 
the GRAAL collaboration, are included in the fit, the solution with a narrow P\\ state is slightly preferred. In that fit, 
mass and width of the hypothetical resonance are determined to M ~1694 MeV and r ~ 40 MeV, respectively, and 
the photo-coupling to -y/Br^A^ ~ 2.6 ■ 10~ 3 GeV -1 ^ 2 . High precision measurements of the target asymmetry and 
F-observable are mandatory to establish the possible existence of such a narrow state and to provide the necessary 
information to define which partial wave is responsible for the structure observed in the data. 
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All nucleon resonances listed in the Review of Par- 
ticle Properties [1] have rather large widths of T > 
100 MeV. Such widths of nucleon resonances are nat- 
ural for the constituent quark model picture of baryons 
(see the recent review of the baryon spectroscopy and 
quark model ideas in Ref. (01). The chiral quark soli- 
ton model (^QSM) pi challenges the constituent quark 
model picture of nucleon resonances. Here, a SU(3) 
anti-decuplet of light and narrow baryons is predicted. 
In particular, the existence of the P\\ ( J p - \ ) nucleon 
state, much narrower (<40 MeV ) than normal nucleon 
excitations of similar mass, was predicted 0. El Si • 

Ref. U predicts that a nucleon resonance from the 
anti-decuplet is excited predominantly by photons off 
neutrons, whereas its photo-excitation off protons is 
strongly suppressed. Such a pattern, if observed, pro- 
vides an imprint of the exotic nature of a state. A partial 
wave analysis (PWA) of data on elastic nN scattering 
showed that the existing data on nN scattering can toler- 
ate a narrow P u resonance at a mass around 1680 MeV 



if its nN partial decay width is below 0.5 MeV H . Such 
a suppression of the nN decay channel is predicted in 
^QSM HUH]. The fact that the excitation of the anti- 
decuplet nucleon in nN and yp collisions is expected 
to be very weak makes the search of the anti-decuplet 
nucleon a challenging task. Firstly, one needs high pre- 
cision and high resolution datcQ. Secondly, a detailed 
PWA of the data needs to be performed to reveal a weak 
resonance signal. In contrast to yp reactions, the sig- 
nal of the anti-decuplet nucleon is expected to be rather 
sizable in yn collisions |8]. 

Recently a peak structure has been observed in 77- 
photoproduction of the neutron, at W ~ 1680 MeV, by 
GRAAL S[l0], CBELS A/TAPS EMU, LNS 111, 



and Crystal Ball/TAPS 11411 . Various explanations for 
the structure have been proposed in the literature. The 
structure can be produced by interference effects e.g. 
in the Sn-wave as suggested in lfl5ll . In lfl6ll the nar- 
row structure was explained in terms of coupled chan- 
nel effects related to the S n(1650) and the fn(1710)- 
resonances. In the K-matrix coupled channel approach 
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of UJ] interference between Sn(1535), Sn(1650), 
fn(1710), and P 13 (1710) leads to the peak-like struc- 
ture. A similar explanation but with an additional con- 
tribution from a rather narrow Di3(1700) state was sug- 
gested in 11811 . In the effect was explained by inter- 
ference of the two S 1 1 states and a strong cusp effect at 
the KA and KY. thresholds. 

A very different interpretation is provided in 1 20, 21 ]. 
It was shown that in 77-photoproduction of the neutron 
the signal can be described by the contribution of a nar- 
row resonance. In yn collisions (with non-suppressed 
exit channels such as rjn, yn, Kg A, etc.) the anti- 
decuplet state should be seen as a clear narrow peak in 
the cross section [81. 



Recently [22], quasi-free Compton scattering on the 
neutron in the energy range of E y = 750 - 1500 MeV 
was studied. The data indicate the existence of a narrow 
(T ~ 35 MeV) peak at W ~ 1685 MeV. The peak is 
absent in the Compton scattering off protons as well as 
in the reactions yn — > n°n and yp — > n p. The latter 
observation implies that the putative narrow resonance 
should have a very small nN partial width, in agreement 
with the modified PWA of Ref. [5] and with theoretical 
expectations for the anti-decuplet nucleon |3i|4j,|5j,|g]- 

If the peak at 1680 MeV would be due to narrow 
nucleon resonance, it should as well contribute to the 
yp channel. However, if it is related to the antidecu- 
plet state, its contribution is predicted to be consider- 
ably suppressed. Possibly, it can nevertheless be seen 
in observables exploiting its interference with a strong 
smoothly varying background. The corresponding sig- 
nal would then not necessarily look like a peak but may 
appear rather as a structure oscillating with energy, or as 
a dip. 

A first search of the putative anti-decuplet nucleon 
in yp — > np process was performed in Refs. II231 12411 . 
It was found that the beam asymmetry S, published 
by part of the GRAAL collaboration, exhibits a struc- 
ture around W ~ 1685 MeV. That structure looks like 
a peak at forward angles which develops more into an 
oscillating structure at larger scattering angles. Such a 
behavior may occur by interference of a narrow reso- 
nance with a smooth background. The observed struc- 
ture was identified in Refs. 11231 12411 with the contribu- 
tion of a resonance with mass M ~ 1685 MeV, nar- 
row width of T < 25 MeV, and small photo-coupling of 
VBF^ /2 ~ (1 - 2) ■ 10- 3 GeV-'/ 2 . 

Recently, the Crystal Ball Collaboration at MAMI 
published high precision data on n photoproduction on 
the free proton [25]. The cross section was measured in 
fine steps in photon energy. The measured cross section 
exhibits a minimum at masses around ss 1680 MeV fol- 



lowed by a slight maximum around 1700 MeV. The best 
fit to the data was achieved with a new version of SAID 
(GE09) M25I1 . The authors interpret the fit as evidence 
against the existence of a narrow bump at 1680 MeV in 
this reaction. However, inspection of their fit reveals a 
systematic excess of data above their fit curves in the 
1710- 1730 MeV region. 

In i26Tl the data of Ref. 1 25 ] were interpreted as in- 
dication for a nucleon resonance with mass of M ~ 
1685 MeV, a narrow width of F < 50 MeV, and a small 
resonance photo-coupling in the range of -y/Br^A^ ~ 
(0.3 - 3) • 10~ 3 GeV~ 1/2 . In this case no PWA of the 
data was done as needed to decide whether or not a res- 
onance occurs in a certain partial wave. 

In this Letter we report on a PWA of the new MAMI 
data ll25ll which aims to trace the physical origin of the 
small deviation between data and the SAID (GE09) fit. 
The MAMI data are incorporated into the large data 
base on pion- and photo-induced reactions which is ex- 
ploited in the Bonn-Gatchina coupled-channel analysis. 



PWA methods are described in detail in II27L |28L |29L [3 



3 111 , a list of data used in the most recent analysis is 



given in 03211 . In the latter work, two main solutions, 
BG20 10-01 and BG20 10-02, were found. These so- 
lutions have very close parameters for the resonances 
below 1800 MeV but differ in couplings and pole posi- 
tions for higher-mass states. The description of the ob- 
servables, multipoles and nN transition amplitudes with 
these solutions can be downloaded from 113 311 . 

Both solutions show small but systematic deviations 
from the data of Ref. H25I1 . from the threshold up to 
1750 MeV. At higher masses, the new data seem to be 
compatible with the Crystal Barrel measurements [35]. 
However, the latter data are presented in larger energy 
bins. Using this data, we re-optimized the parameters of 
the fit-solutions. In the present fit we included MAMI 
data with effective errors by adding quadratically statis- 
tic and systematic errors. 

Only a small redefinition of parameters was required 
to obtain a rather good overall description of the MAMI 
data for both solutions (BG20 10-01 and BG20 10-02) 
with a x 1 P er data point of x 2 /Ndat - 1.21. However, 
in the 1660 - 1750 MeV mass interval and, especially, 
above 1700 MeV, the solutions still have statistically 
significant deviations between data and fit. In this inter- 
val, x 1 7-Vdat = 1-46 is considerably larger than in other 
energy intervals. This is illustrated in Fig.[T]for the dif- 
ferential cross sections and in Fig [2] for the total cross 
section. The differential cross section is not described 
well in the angular region < cos < 0.5 for the en- 
ergy bins at 1667, 1671 and 1700 to 1730 MeV. 
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Table 1: The description of the MAMI B and beam asymmetry data [23, 24]. For the P\\ narrow state two solutions with positive Pn(+) and 
negative Pi\{— ) interferences are given. The^ 2 ^ /A^ corresponds to the^ 2 per point for the mass region 1 660- 1750 Me V. The^|/W dat corresponds 
to the^ 2 per point for the beam asymmetry data from |23, 24] and from Masses and widths are in MeV units. The photocouplings are in units 
of 10~ 3 GeV~ l/2 . 
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Figure 1: Differential cross section yp —> 7]p in the mass region 1660- 
1750 MeV 1 25] taken from the Durham data base. The full curves 
correspond to the solution BG2010-02M and the dashed curves to the 
solution Pn(+). Errors for experimental points are taken as square 
root from sum of statistic and systematic errors. 



The systematic deviations between data and fit show 
that our solutions miss some physics in this region. The 
missing contribution is likely either in S or P wave. A 
contribution either from the D or F partial waves pro- 
vides a complicated angular behavior, which is not com- 
patible with the smooth observed angular distributions. 

The most striking explanation of this phenomenon is 
the existence of a narrow state with the mass around 
1700 MeV. Indeed, including a narrow state signifi- 
cantly improves the description of the yp — » rjp data 
in this mass region. Starting from the solution BG2010- 
02M and assuming the contribution of a narrow state, 



we have found four solutions which provided a similar 
X 2 : two solutions with a Pn narrow state, one solution 
with a narrow state in the fo partial wave and one so- 
lution with a narrow S n resonance. In Table Q] our so- 
lutions are listed; for each solution we give the total x 2 , 



the;^ el for the data from Ref. [25] in the energy interval 



of 1660 - 1750 MeV, and t he yl f or the data on beam 
spin asymmetry from Refs. |23, 24] and from Ref. l36Tl . 

The two solutions with a narrow Pu resonance dif- 
fer by the interference of this state with other partial 
waves. For positive interference (solution Pn(+)), the 
mass of the resonance optimizes at 17 19 MeV, and the 
width at 44 MeV. The solution exhibits a clear peak at 
1719 MeV where the experimental total cross section 
reaches its maximum. The solution with negative in- 
terference (solution Pii(— )) describes better the region 
around 1690 MeV where the total cross section reaches 
the minimum. In this solution the mass optimizes for 
1694, the width for 41 MeV (see Table [Qi- The differ- 
ential cross section, the solution BG2010-02M without 
a resonance, and the solution with Pn(+) resonance are 
shown in Fig. [T] the total cross section in this mass re- 
gion calculated from experimental data points is com- 
pared with solution BG2010-02M and both P u solu- 
tions in Fig. [2^. Although the solution with positive in- 
terference reproduces better the total cross section, the 
xl _j for the fit to the differential cross section is practi- 
cally the same. 

Indeed, the Pn(+) solution solves the problem in the 
description of the differential cross section in the for- 
ward angular region, but slightly exceeds the differen- 
tial cross section in the backward region (see mass bins 
1707,1711 and 1715 MeV). The obtained values of the 
photo-couplings (see Table I) in both solutions are in a 
good agreement with estimates from Refs. 1 23 , 24 , 
and are about 5 times smaller than the corresponding 
coupling for the neutron obtained in Ref. ll20Tl from the 
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Figure 2: Comparison of the total cross section yp —> r]p calculated 
from the data 1 25] with found solutions, a) The full curve corresponds 
to the solution BG2010-02M, the dashed curve to the solution Pn(+) 
and dashed-dotted curve to the solution Pn(-). b) The full curve 
corresponds to the solution BG2010-02M with cap channel included, 
the dashed curve to the solution with the P13 narrow state and dashed- 
dotted curve to the solution with the S n narrow state. 



analysis of the GRAAL data jjlfioll. 

In the case of a P13 narrow state, a notable improve- 
ment in the description was obtained from a fit with 



^3/2 



2A'^ 2 and destructive interference with the other 
The total cross section for this 



parts of the Po wave 
solution is shown in Fig. [2] The mass of the P13 state 
optimized at 1728 MeV and width at 72 MeV. This state 
is relatively broader than the narrow states in other so- 
lutions and produces a rather complicated interference 
with the rest of the P13 wave. The structure, if con- 
firmed, might be related to the anomaly in the P13 wave 
repo rted by CLAS in electro-production of n + n~ pairs 

A narrow S 1 1 state only slightly improves the descrip- 
tion of the data in the 1660- 1750 MeV region. Only 
one solution with destructive interference with the re- 
maining S 1 1 partial wave was found. The mass of this 
state optimized at M - 1685 MeV and T = 30MeV. 
The comparison of the experimental total cross section 
and the result of the fit is shown in Fig. [2J3. The value 
y/Bi rj^A^p for this solution is about 4 times smaller than 
that for other solutions. There is no surprise here: this 
resonance interferes with the largest partial wave and a 
small coupling can produce a notable effect. 

Another - more conventional - possibility to repro- 
duce the narrow structure is a contribution from the cop 
threshold. It is known that diffractive co production is 
important; possibly, its effect (due to pion exchange) is 
experienced already in the threshold region. The cop 
channel opens at 1720 MeV. Sizable effects can be ex- 
pected when co and proton are in relative S wave. This 
translates into S\\ and D13 partial waves. It is interest- 
ing to investigate whether the opening of this channel 
can explain the structure observed in I25I1 . To check 



this assumption we introduced the cop channel in the 
K-matrix parameterization of the S \ \ partial wave and 
fitted the couplings of the K-matrix poles and for non- 
resonant transition yp — > cop as free parameters. The 
650- 1750 MeV mass region of the MAMI data is now 
described better than in the fit with a narrow S\\ res- 
onance. The^ 2 s for this fit are given in Table Q] The 
description of the beam asymmetry data i23l 12411 and 
l36Tl practically can not be distinguished from that ob- 
tained with the BG2010-02M solution and is not shown. 
The inclusion of the cop channel in the D13 wave did not 
improve the description of the data. 

The optimum strength for the non-resonant transition 
term yp — > cop in the S n wave was found at a rather 
large value. However, there is a large correlation be- 
tween the parameter representing the non-resonant tran- 
sition amplitude and the parameters representing decays 
of the two A^(1535)5 11 and N{1650)S u resonances into 
pco, and the resonant and non-resonant contributions 
cannot be distinguished on the basis of the data used 
here. The cop parameters can likely be fixed when data 
on yp — > cop are included in the data base. This option 
is not yet included in our fitting program. We note that 
the effects of the KA and Kl. thresholds are included 
in our analysis automatically: the KY photo and pion 
induced data are an important part of our couple chan- 
nel analysis. In our present solutions we do not observe 
a significant effects from the KY thresholds on the eta 
photoproduction data. 

Polarization observables are very useful to decide to 
which partial wave the structure in MAMI data can 
be related. Polarization measurements - including the 
GRAAL data on beam asymmetry for 77 photoproduc- 
tion B36I1 are, of course, part of our data base. Yet, the 
beam asymmetry results of J23, 24] - from an alterna- 
tive analysis of a limited sample of the same data and 
published by part of the GRAAL collaboration only - 
was not included. However, as mentioned above, ad- 
ditional evidence for a narrow state with mass around 
1685 MeV was reported from the analysis of this data 
123 , 24] and therefore we included this data set with a 
relatively small weight in the present data base. The de- 
scription of the MAMI data appeared to be hardly sensi- 
tive to inclusion of these data. Only the solution Pn(—) 
produced a better description of the beam asymmetry 
data QUI] and even a slightly better (6% = 0.03) de- 
scription of the MAMI data in the mass region 1650- 
1750 MeV. The x 2 for me description of the MAMI 
data in the total mass region, in the region of 1660- 
1750 MeV and for the beam asymmetry data are given 
in TableQ] The description of the beam asymmetry data 
for three solutions (BG2010-02M, P n (+) and P n (-)) 
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is shown in Fig. [3] The solutions with the P13 and S n 
narrow states shows only very small deviations from the 
solution BG2010-02M. 
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Figure 3: The description of the beam asymmetry data (shown at fixed 
angles) with our solutions. The open circles represent the data from 
(23L|24|| and full circles the data from f36ll . The center values of an- 
gular bins for ( 36] depend on the energy and are given as intervals 
(from the lowest energy to highest one). The full curve corresponds 
to the solution BG2010-02M, dashed curve to the Pi 1 (+) solution and 
dashed-dotted curve to the Pn(-) solution. 



The beam asymmetry data can hardly can distinguish 
between the different solutions. At present, the beam 
asymmetry from lEM l24ll might slightly favor the solu- 
tion Pn(—) but the statistical significance does not en- 
force one of the solutions. Future precise measurements 
of polarization observables are needed to decide which 
of the solutions proposed here corresponds best to real- 
ity. 

One of the most sensitive observables which would 
be able to distinguish between the four solutions is the 
target asymmetry. The prediction of this observable 
from our four solutions (with up channel introduced in 
the S 11 wave, with the narrow Pu states and with the 
narrow P13 state) is shown in Fig. [4] Another interesting 
polarization observable sensitive to these different solu- 
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Figure 4: Prediction of the target asymmetry for rj photoproduction. 
The full curves correspond to the solution with a>p channel included 
to the S 1 1 partial wave, dashed curves to the Pi 1 (+) solution, dashed- 
dotted curves to the Pn(-) solution and dotted curves to the P13 so- 
lution. 



tions can be extracted from an experiment with a trans- 
versely polarized target and circularly polarized beam. 
The prediction of the so-called F-observable from the 
four solutions discussed above is shown in Fig. [5] With 
such data, even solutions with negative and positive in- 
terference between a narrow Pi 1 resonance and the re- 
maining wave could be separated if the narrow state 
would indeed contribute to the data. 
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Figure 5: Prediction for the F-observable in the rj photoproduction. 
The full curves correspond to the solution with top channel included 
to the S 1 1 partial wave, dashed curves to the Pi 1 (+) solution, dashed- 
dotted curves to the Pn(-) solution and dotted curves to the P13 so- 
lution. 

We conclude that the new high precision data on 
JP ~ * W cross section of Ref. 12511 reveal an interest- 
ing structure in the mass region of 1660-1750 MeV. The 
relatively smooth angular distributions suggest that this 
structure can be interpreted within the P or S waves. 
The threshold of the up channel may effect the data 
and my contribute by a coupling of the two S 1 1 reso- 
nances to up and by a non-resonant yp — > pu transition 
strength. A good fit of the data is achieved when the up 
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channel is included even though the fit is unable to de- 
cide which of the two mechanisms is more important. 
Assigning the effect to the P-wave, the data can be ex- 
plained only with introduction of a narrow resonance, in 



particular when the data [23, 24] on the beam asymme- 
try S are included. A narrow Pn resonance - interfering 
destructively within the Pu wave - would be preferred 
in this case. 

High statistic polarization data on target asymmetry 
and on the double polarization variable F should pro- 
vide the necessary constraints to define which partial 
wave is responsible for the structure observed in mass 
region of 1660-1750 MeV in the prj cross section. In 
the end it may provide the information needed to decide 
whether or not a narrow baryon resonance exists in this 
mass range. 
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